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PROBLEM TO BE SOLVED: To efficiently and surely 
perform grinding and deburring irrespective of the shape 
of a surface to be machined by providing an electric 
field generating means for generating an electric field 
exposed to the machined surface of an article to 
machined and causing an electric viscous fluid placed in 
the generated electric field to flow at least in contact 
with the machined surface. 



SOLUTION: A grinding device includes an electrode 23A 
for exposing an electric field to the machined surface 
31a of an article 31 to be machined and a power source 
25, the article 31 is, for instance a bent tube elliptic 
in section having a ring groove 33 in its inner 
periphery and the electrode 23A is disposed opopositely 
to the vicinity of this ring groove 33. For machining, a 
voltage is applied from the power source 25 between the 
electrode 23A and the article 31 and when an electric 
viscous fluid is supplied into the bent tube by a pump 
39, a cluster is produced between the article 31 and the 
electrode 23A. This cluster grinds the inner surface of 
the article 31 following the flow of the electric 
viscous fluid and at this time, the burrs of the ring 
groove 22, a bored hole 34, an axial direction groove 
35, a slope hole 36 and a horizontal hole 37 are 
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[HUB] tolffiOEMKOl^A-CJla&r. Sfc. *® 

ton® 3 1 ©iDI® 3 1 a irBBT««* 
38£T*«»5E£#»P*KW\ «*fS£*g!Pa<3S£ 

iCcto, 4>&< tfe±tEiPxs3 1 \zmM-rz>£o\zm 
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M*lfM#©«ffl] 

nfc«atttt«t#*^3a:< £ t>±EJlPIiiilc»tt-r* =t 

[i*«2] ±E*»»£^»*ffift**»t*fc'b4: 

tJt»T±Elioi»<DJnxHfc:fefrj-**iB«ftS*lffi-r-& 

©ffl^3£B. 

[s**«3] ±tE;!mX^©iPXB£M®Lfc*^tttt 10 

tt«t#; * n* ±EJQX4&©iaxi»©g At*c^ ^fflte 
a*$gi i £Eft©9f«&a. 

fcffi A l fc_hfBSox#;©inx!t» * EHjrrs Jpx^IhI 
SI. 

[tt*5S5] ±Bloi*««±EM»4fft*i)«t 20 

•g>tti§fg£©£:a?>©4>£i:< tfe— *CD«@t?ab-5' <tSr 
#S!(tT*iS*3l 1 KE*©W*S«. 

ittb<D4H3.< tt>-*©««*«±EJax«ioW*»«K 

-§» ^« t s nx ^ * r t £ w« t -r * w*jr i ic 

E4K©9FBStt. 

^- x :*-r ;i/ c^tst s tirfc cd -c * •& c t &<&m t -r -5 
i \zmm<Dmmmm. 

[8**18] ±E*Sttttt«E#*«*«- ; ?*«-*«L ; ?S 30 
W^JB 1 fcEtt©0f£&K. 

attlH^ttttt bT^«®^.#iS14Sit#:lC}gM-r-2.JPX 

[ffi#« l 0 ] ±EiJOX*&©j£fc**R©aMfc&|i?Wr 
CW*T*S9*S9fcE«©W*2fSs. 
[»#JBllJ ±E««&SS*-rs=it>©««|HI*fc 

[»*^ i 2 ] ±Einx*©iipiffi*a»-r 

tt»E # ©8KM8KS £ Sift t T * £ £ £ t T -5 »*3S 
9 KE*©«*#«s. 

[»*S13] ±EJnX»K:^«±©Sfc-5W*iJ[]X 
*RI«FfclBJ6L/±ElnX«©ft3SfflaaE©«^ilS*K s b 

<io^T±Ett*f£:£©;tai>©&f^iPttEE£n> ho- 

&imm 1 1 \ztiMa>mrnism. 

[M*JB14] ±EJDI*fcr:et±©a«:«W*UQX 50 
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&Hi»Sfc0Bi& b±Einx«i©#3giifaflE©«^|g*fc t> 
ttJ^T±E««*!itt8l£*tE©Si£ilii«4*3> ha— 
T±EW»HDX*|?I«ffc»7r4 - 
JH 1 1 fcEtt©W*#8s. 

[329§©ff8n&*B9n 

[0 0 0 1] 

j&©w*««*«trjcw**j*KM-r*. 

[0 0 0 2] 

[«£*©&ffi] — fiSfc, ■?-Y*nv-»iV*bn*'h» 

•f X«fc*s^Ttt, ^"fe©/jN$^, J§M*©*StS, SB 
ttflE-^»ffr4>M©««©S!*«*»S*3n. ^-©feae)© 

[0 0 0 3] fLT, *^*«*W«j£*». 0UA«. H 

OMSfft^f*. Vol. 52 No. 3 1986 
P 5 4 7) J tC^^nTV^. 

[0 0 0 4] dnKitlfcf. 01 0\ZmT^\Z, 
Mi1>7Jl/5t©at?l S««5l*g©«fle2>*»K» 
ttStt. 113, 4iCJEft©«ffi^TOPbT*»*EPtt] 

-rst, ««»sfis**«?Bn, ant? 1 **—#©*« 3 

[0005] z.<DW.wn?mwfc3 , A^mnm\zm^ 

•Si:. -^ffliI3$fcBl*®fg3, 4©3tB## 

d. nox*«— #©«BK:K3rrn«. s*©w*h** 

[0 0 0 6] c©««i§c»tc«taw*S«i:inxJSaK: 

-r>v>Ttra-r&£. aim. z\<Dmmmsz^TM& 

^ggi i©jeaBictt*ffRix*Bi 3^tte,nrv^„ 

[0 0 0 7] Sfc. flOXJftl 2^\ZUM^)V^1 AtfWL 

e^tix&o, am*;^ 1 4 ©ttftxji:® i 3 tfwciap 

X#3 1 5*tWDItW6nTt»*. 1 t:UM*)V? 

1 4tt[HlgUT*>f3, iSl6)5^^5yl7^LT 
mil V j&iiJD X. & nt -5 . 

[0 0 0 8] ^©*-&©iPXHS^01 2iZm-tifi. Z\ 
O0Tli, *PX^1 5$:7 7X©tIi:l, *f[pIX^® 
1 3 SrT-l' ^-X©«Hchb. JPXffil 2 4 5 ©&71 2 a 

[0009] cnictnti. &fi 2 a a. jpx#ii 5 
«fc9i§r?s-a-5n. d©tt«-?imx«>i 5£*hSixAffi 

1 3tC*fLTffl*fW(Ct&?,-l±^«J:. &f 1 2 att. JUPX 
^1 2©gtt»jjgtn:©Ac*(C> ^Sj-TSiPX^I 1 5(CO^ 
Tff^-T. Sf 12a tjmx*l 5 £©ra-c»Da«$s£ 

:ffl«t©t?l 2 a«. ffi&T^O. JPI^Il 5 
©^B^«<o 
[0010] ftfc. 121 1 2 TiSfti^ 1 2 a T&iv-f ^"7. 
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to o 1 1] ii3ii e«*«»t«fc-5W^Sfs©ffio 

[0 0 12] Sfc. iPXf&l 2 ^UcStfijivH^ 1 4*«K 
g3*rC£9, SWJ^l 4©*tfaX ; Rffil 3 MtC^P 
14*1 5tf%L9ttVt<Z>tlT\<*Z>. W&*)1¥ 1 4 tt^lo] 10 

[0 0 13] §§§1 1 4 , {C-7-f ^XCD*Hl 8^s9:W5> 

ntiJO, im^i^i 4Mi*«Wfcv-f t*-x#J£& 
s«t5»'SS:^$nT^s. #§§i i ttmTjo^i 4\t 

@eLT*3 0« ^S§1 1 ©Jgg&©#t|n]XJI® 1 3ttfNS 
16*575->1 7 ^LT«JEV^JO^.SnTViS. 

[0014] ciw^-a-coinxj^a^Ei i 4tc*-r^\ d 

3&777.omM, iaxmi 2 4>©Sf 1 2 a^T-f^- 
XtC?ff«LT^3t>©£: l/TV^. 20 

[0015] CCDfc*. ^ 12all *H6]XAE 1 3 
fllfc:3l€r*-fr&ft. £©ttffiT*2lPX«3l 5£*fftXH:M 

1 3#jtcjf low, mmmzmz &z>ii> &f 1 
2att, ^ifiii*ffii3i:<oo^T^t). #>oipiii£ 

X#I 1 5 tCOViTfT^tT. Sh 1 12a tMTM 1 5 tffl 

o . nnxtoi 5©3?®£S< dtfctta. 

[0 0 16] 

[^*<»stb«t^t-rssis] L^b&^'e,, 30 
'&&<Dfflmmm:<Do*> % m 1 1 fcsvr *>©ic&^th 

JDX* 1 5 <hffifeP^©*B;*tif 9 K:±oTW*35«fTton. 
c©*t9©fiS£9«rr •a©**, 1 2 atJPX^l 

[0 0 17] b**U *MWtC^CDfifii^SriPX4^1 5 

[0 0 18] — HI 3 fC^TfcWiC&^TWu ife 1 ? 
12a(i*t|S)IlIl 3l;<oO^T^5OT. fefl 40 
2 a tftllft 1 5 tOWCttt»l;**fe#r)*«ft5n 
&*>©©, Sf 1 2 aiSPXt/1 5*$tLTgi§t 

[0 0 19] *ffp]XA® 1 3 (C<^^Tl>56 

f 12 aragt^JE^teifrTLfc — m?tt&<, ^oT, 

014 t^-r, jpx#i 1 5 tsi«iiis 1 3 r B iwKgth 

LTt>, fllX*l 5 Kfttt-rsit^ 1 2 a©* 

[0 0 2 0] ftoT, -£:#:cr>ffl*3§g£5i< bfcB. * 
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[0021] ±EWlBSBtc=k£^-m©ffie2r 

ic&o, ntsrtffi^jdWBoftix^JtK. sec oa 
ttffi, AP©*fc^#«©rtiB*ji»»riii*©w* 
imxan?€?ftv>£^5&iia*&ofc. 
[0022] • MB(D/vjmo. ir^ffl 

inxfc£©aB#w*a*T€r"r. jnxwi 5§w^gei*i 

[0 0 2 3] C©fS9!tt, ±f2©<fc'57M£*©igg£® 

Jipx#j©i*jffi, fl-K, SSS, ftK, AP©3*v^g§©i*i 
ffl, S»»rHl*Jfl.®&<!f©ffii©iB©WJtK>. PBSB, M 
gpwAU^O-^xy ^©flni£^3iT#, 2jpx#j©*# 

xses*»"p**fc^iST*«w*»B4i<tzfljf«*ft 
«s«-r ^ d t * e « tr*. 

[0 0 2 4] 

&i£mie>5&mi l zfrfrz>mm&mz. jpi#>© 

iBXHfclBr*«£»£T***»£^a£«W, t£« 
[0 0 2 5] W#3E2©«flfc;to&»SOT*««tt, -hE 
[0 0 2 6] «[*3S3©»WK3^3ft»*»f*K«tt. ±E 

»xw©jpxiBsaiBbfc«atttt«#s^-ffi-r*=:t3 

©ttffl«BIWK:*JEE£BMJOU M*ttl«Snfc»En*« 
S£ttKt)i:^«riT±EmSltttt8iE#K:$*n*±ElniX 
4*©lnx»©iBA«S*«3t-r*liixt&iBXttiH«3£* 

asKWfc"b©T**. 

[0 0 2 7] W*^4©5EMK*^*W*««tt. -hE 

»PX#»©i)DXffi *® jg-T -5 ««*fett5it#: ICS A L fc±82 
JnX4a©l)PX«&SrimiK-r-5 JPXf&lHlJK^©S:l9:^S t L 

[0 0 2 8] »*3S5©ffiW»C*^*W*S«tt. ±E 
H0X«»S, ±E«»5B^RS*J«r*«»**©/tJ& 

[0 0 2 9] «f*«6©«WK*»^*W*Kfitt. -hf2 
**^^#S<&^-r^*«%*©^i*©'>7 l cC< t <b- 

*©mffiSr, mxfliiwwii^ttfc^jiS-rsjBtttufct) 
[0030] ffij&%7 (Dftwizfrfr&mmmwiz. ±m 
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tfc $ i±ft t> <D <t t> COT'S £ o 
[0 0 3 1] B!*«8(Z)«W*c^^*W«SBtt. -tIE 

[0032] m*«9<o«wc^^sw*^rffitt, mm 

[0 0 3 3] SS*3B1 0O»^tC^*^W«*ffitt, X 10 
[0 0 3 4] »*3B1 ± 
[0 0 3 5] W*JS1 2©»Wca>*>*«*#ffitt. X 

[0036] m#mi 3©*wfc^*^w**fett, x 

IElnx*©#*Ba«<DW3tiia*»c'bt^v^T±IE«» 
J0X*^^»7*ii-5J:5(cUfct)OT»So 

[0037] m&mi 4<D5£m\zfc&2>mm%mt* x 
Einx*^-«±<z>a«:*w*Jnxsrawpfciii&b, x 
Eunx«©#aaaftojii«iis*fct)ttJviT±ia«a 

#frtt^#:CDSftl&Mt*^n>hD-;l/LT, XfBWJgjJPX 
& [rJE$ tc^7 $ i±5 J: o \z L*: *> cdt& 
[0 0 3 8] 

<Dmm,*mmmz£&mmjy&<Dmm$:m 2 &&xm 3 
[0039] ±mmmmmmz, m2\z^?£v\z. 

tttt«#SMT4-ooiS2 3, 2 4BI:, H3I: 
[0 0 4 0] mi±mn%±tf)Z>£. irJXf — te'Zg 

%u^&mj±<D^2\z£^Tmkz^z>^t&~c^&o 

[0 0 4 1] IEI3 t'&V^T, 2#t<D^H2 3, 2 
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2 3, 2 4TOU^^MMJ:t:^^t, 

2 2tt««*H£»D*&»*. 

[0 0 4 2] clC0B#, ft[^2 2te, §112 3, 2 4 CO 
fc<Z>T»?K SHP2 2<fc««2 3, 2 4M©fi^*tt, 

[0 0 4 3] Hltt, ilO«W<7)^<7)— JUffiSr^TW 

^T^JDX^3 l(£>iPX®3 1 a(C**ISBBf «ffi2 
3A<!:iI2 Si^tb, 1S2 3AH «jK2 5£>7 
7X«l:8«Sn, V^X««£*fa*inXtt3 1 

[0 0 4 4] CIT, Xf2«ilH2 5, ii2 3A*«t« 
mx»3 1f4, t»*t¥SP*il«bT^5. 

3 2tt«EEfhT*So 

[0 0 4 5] £jfc, XfS*PX^3 1tt. *nw 
ffl^f&WT&O, Cft#rtflfcU>^»3 3*#U X 

E'j>^i3 3f*ifitc»iRi"r*cfc5Jc, xtam^2 3A 

[0 0 4 6] ±BBftSJ4, &<QK3 4&&xm 

^t3 5^fl, S6fc^fc»af*»»?L3 6*5 

[0 0 4 7] Sfc, 3 8H ««tttt«#*«*bfc» 

1<D$>2, 3 9te, HO^>^3 8^f)S^ffc 
^mtttt«t#:^XIBSPX^3 1 £LT<&lJil«rt<B— «lc 

HSS4 i <D^\zmn^ntzn)vyx$>^o z.z.~n\ # 

>^39, JVV74 0&<fc£«Ig&4 1, 4 2«, StffzS 

[0 0 4 8] ££tC, 4 3te, ±EftfOfi»*5I» 

4 2 *aUTiiHi$ns«atttt8K#:SrSttsa2<Z)^ 

[0049] frfr&mf&\zf£z>wmmw~t:te. xtam® 

2 3 A*3<kafJnXW3 1 WfC«iS2 5^e»«JESrEPlD 

3 51:, XfB7p>7 f, 3 9tCJ:oTftWrt{C«aWtt 
ffit#:^^0jAOi:, ^C0JPX%3 1 tmffi2 3 A^COPbI 

[0 0 5 0] fbT, ^<Z)^^X^-«, ^mffittrjit^: 
OSSnt'^oT, tt«T*SJPXft3 1 ©W® (SPX 

3 3, I<0^34, tt^f^]«3 5, ft»?L3 6*3J:^ 
[0 0 5 1] ^43, CO<h^XBS^*?L3 6^«itIL3 7 

^C7)^?L3 6, 3 7 (DW*t>l"IB#Sfc«3fia:bT*lifi-r 
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[0 0 5 2] Sfc. H4(Dfff81i:i5^ JPX^3 

3 1 tth\zmm&>&mtf£&m^£hti,Th<k^\ 

[0 0 5 3] £©«^fcHU SD D D^±fflStC*tJST^ 

X*3 l*3ck^inX«l3 1 AT»S«ffi2 3Btt, ±12 

[0 0 5 4] 0 5H» ^CO^BjCOHJfiCO^ ^t'ft!l<7)^^ 
^StfeOT, H«tttf>inX%3 1 B<0*M>tt*LhtC« 10 
g2 3C^fILT> Cl<7)«ffi2 3 C<hiPX#l3 1 B t 

Wk2 5 t«ffi2 3 Ci£tt^«amK(Z)j£*£, ««Eth 

[0 0 5 5] COJ^8gJCctn«, «BEH3ftlP#tC8fin^« 
»Effi*±IE««EthT?«»Eb, »PX%3 1 BftEOiJPXffi 
aE*W3e-rsct««Tf**. ±IB£|H|*$cr)W 

±mmm 23c K»tn£*ffi«*^ffcrr 20 

[0 0 5 6] fcT, B6K:St\fc3&rtES««£:±fE 

[0 0 5 7] <h£;5T\ JPX^3 1 B S <0«Sltttt«E 
#£fg2c0^>^4 3 KBiKLTBttJBLckSit-** 

[0 0 5 8] c©jnxf&d^stt^*»T t a&sS j &^ 
ffi^wjpT^^<^^^^fe^ 0 fie^T, cn^^ip 

X»fS±ErtBftft&«8lEffl[tc:fci^T«aibJ:5 t 

[0 0 5 9] ^OJ:'3*:^'&«r»P?B'r^<> 
^©KMTttllOX»0DilA«iaSiBl^U. *©llg*fc* 
tfTJPXf&*Rfc*-r 5 J; 5 lc IT^5. 

[0 0 6 0] 07H ^CDcfc'5/ci:«ffi*<i^.fcW«S» 

Mlt^^o 40 
[0 0 6 1] 5 1, 5 2tt, iiB&4 

«|3 1 £©ifflXtt3 1 CD«7L3 7 <£>— SSK: 

[0 0 6 2] 4 0 A, 4 0 B tt. 51, 52 

(D&wzm-ffc.ffimm&mo/vi'?. 2 5 a, 2 5bs 

SiST, 1S2 5AH ftg«fg4 5A^LTl 
123 D*3«fctfXf1MSj3 1 CratC*iE*BPlDLT*5t), 
1M2 5BH «IL3 7rtfc#A*nfc*«2 3 E43<t 

t^xf^«i3 1 cm\zmmmfe^&4 sB^LttK 50 
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EPSPbTt^o 3 2 A, 3 2BIJiEfr, 4 6 

A, 4 6 Btt«8i£Si-Tf*So 
[0 0 6 3] £fz, ±IBJPXtl3 lOSKflcttJPflJicttip 

x»iiA«si«3e*a5 3*wsnT^5. emwu 
-€-®«t#m pfflijc^iigs 4 2 £j*tr — *r<B&ms« 5 4 , 

5 5t. Itl^«il5 4, 5 5Mfc«JE*«*&-r 

^ii2 5 ct, ±m$>mmM 5 4, 5 sp^tcgftn^m 

*S*WLTJPX»0*A»S«^-r*««W'4 6 c 

SJEfi-3 2 Ctii^ftS. 
[0 0 6 4] SSt;:, 5 6(1 XKffi&4 2<0SfrUS8fl] 

[0 0 6 5] B7l:*5OTH WeiDX*tC*5^T, X 
BE««KW^S4 5 A, 4 5BCi:oTIffl3 1C 

fefc, CC0W«JDX^t±flEa»*8iET'r*«Sltttti« 
flc+Jc^StisjpxDJcoXftS, ro©ttUiti5 4, 
5 5M^atnS*at<D^{fci:LT*8iitf-4 6 C£J;9#i 

[0066] -rttto^, axiafiAttSEJwse^a 5 3 
[0 0 6 7] fit, t)bjDXt&*^ia:^u^*eAfc 

tt, ±EllPXt&Ie|iK^S 5 6^fPftbT, *>#4 3^ 
[0 0 6 8] S:*3, C©*Jfi^»ffi^*3l^T, WSJPX 

0, 4 OA, 4 0 B©Hfl£8BSEtcJ;S*^tttt8l£#08K 
[0 0 6 9] Sfc, WF4r*J^»«WUT^S«»fflfct)t 

Et»o^Sfr*w«ioxa*t65t"r*Jit»c 

<fc^>T, ^t"rsSBEflt*Sffi2 3D, 23EtcEPSP 

[0 0 7 0] ^IT, ZLnt>V>&mBMmiZJ:>oT, X 
£t±(0W*llPX*ra«pfclM&bTraRHc»7Sii-* £ t 

[0 0 7 1] &43, ff*t^S»ttl:#UTta2 3 

D, 2 SEOJgttSrffijS^jgKUT-feu/ h-rSdttCcfc 
0, JS««fc«H*»tt (/^»» ^W^iJPXfeH^pJ 

[0 0 7 2] B8H 0U*_fr£, 3^tt©tR6 1^rtS(C 

3tt*W*»T*«. 

[0073] mifctt, «fiwi:*int«»at 
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[oo7 4] H9n z.<D&ommmfc<Dmm%im$: 
gt^wtc^u z.z.T\z]mMv >^tt£&-r— 

ffi2 3FF^lC, ^ >^;Utf CD#«a||#<75 JPX#I 3 1 D 

(C^CD^ J f>^^*^«iC*fJ^-r-S*S2 3 G SrBB® 
^*16©#®II2 3 F, 2 3 GF B 1lC^!!g2 5 D^e. 

[0075] z\(ommx'it. ±mmj£<DWMi l zj:^Tm 
mmmfo<D±mtiax®) 3 1 d©^]®^^®^*?- 

«>^i^T€--5)o il©S-g-iC*3^T, W0lt£*£_L{.f;g ) 

[0 0 7 6] Sfc, icD^B^tftt, ±f2©J;5tCJtaX#l 
3 1 A~3 1 DLZ\t\'blZ^n j £tltt!fcTZ>mM 2 3 C 
7!>ig2 3 Gt©P^{C*l*f3l«l^^^$-t3--5i^g^<« 20 

®^ntS(*JB, S®, [StS®, ft®, AP£>»^#g§© 

A 'J WL *) viPX £ (C^JgT^ -5 o 

[0 0 7 7] ^S-^ftBTfeoTfcdtieOi^S 

o)^&^mmzmj:i±±x'^. apx^o^stcm^ft 

<, SSfi.WfcOiPX, ^,SM£^©jjPX£#l;6ST#3o 
^TS«tcW«T#-£>o 30 

[0078] $&tc. mmifiStt^wfieffltCctoT. en 
Sp«ffi©^fttcjsi;Tjpx©^ssgffit3> hp— )v 
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